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(57) ABSTRACT

A j01nt drive mechanism includes a plurality of link members
linked via a joint portion. A drive portion 1s associated with
the joint portion for driving the joint portion such that the link
members attached thereto can be moved relative to one
another 1n a controlled fashion. The drive portion 1includes a
plurality of drive elements that each are capable of expanding
or confracting in response to an applied electric signal so as to
provide different drive outputs to the joint portion. In one
embodiment, a joint portion connects link members simulat-
ing portions of a human finger. The drive portion includes a
pair ol drive elements connected to the joint portion by a
transmission member. Each of the drive elements 1s expanded
or contracted equally and oppositely relative to the other drive

clement 1n response to controlled applied electrical signals.

2 Claims, 8 Drawing Sheets
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JOINT DRIVE MECHANISM AND ROBOT
HAND

BACKGROUND OF THE INVENTION

This application claims priority under U.S.C. § 119(a) on
Patent Application No. 2004-318248 filed 1n Japan on Nov.
01, 2004, the entire contents of which are hereby incorporated
by reference.

The present invention relates to a joint drive mechanism
and a robot hand that can perform manual procedures by
driving a plurality of finger mechanisms.

In this type of robot hands, in each joint portion a motor 1s
provided, and the joint portions are directly rotated with the
respective motors, bending and stretching the finger mecha-
nisms. In such arobot hand mechanism, 1t 1s possible to rotate
cach joint of the finger mechanisms separately and a high
degree of freedom of the finger mechanism can be achieved
(see JP 2001-287182A, for example (heremaiter referred to
as Patent Document 1)).

In other conventional apparatuses, the joint portions are
linked by a wire and all finger mechanisms of the robot hand
can be bent and stretched by pulling only this one wire. With
such a robot hand mechanism, the number of drive sources
can be reduced (see JP 2003-181787A for example (herein-
alter referred to as Patent Document 2)).

However, when a motor serving as the drive source 1s
installed 1n each joint part of the finger mechanisms in order
to establish a high degree of freedom, as described 1n Patent
Document 1, the finger mechanisms increase 1n size and a size
equivalent to a human hand cannot be realized. Furthermore,
since the front tips of the finger mechanisms are also equipped
with a motor and are heavy, the motors at the base portion of
the finger mechanisms require a large torque and the size of
the robot hand further increases.

Moreover, 1n Patent Document 2, since the finger mecha-
nism of the robot hand 1s bent and stretched by one motor, the
hand has a complex configuration and since the degree of
freedom 1s “17, the robot hand cannot perform complex
movements.

Accordingly, 1t was extremely difficult to realize a robot
hand provided with a high degree of freedom and with a size
equivalent to that of a human hand.

Therelore the present invention has been devised 1n light of
these problems of the conventional art and 1t 1s an object
thereol to provide a lightweight and compact joint drive
mechanism, or more specifically, a robot hand with a high
degree of freedom even and a size equivalent to that of a
human hand, having a lightweight and compact joint drive
mechanism.

SUMMARY OF THE INVENTION

In order to obtain the above-mentioned object, a joint drive
mechanism according to the present mvention 1s provided
with a plurality of link members linked via a link portion, and
a drive portion driving the joint portion, the drive portion
comprising a plurality of drive elements with different out-
puts.

With the above-mentioned configuration, 1n a joint drive
mechanism according to the present invention, 1t 1s possible to
use direct-drive actuators with different outputs for the drive
clements, the link element may be operated by the direct-
drive actuator with the stronger output 1n a direction where a
strong driving force 1s required, and it may be operated by the
actuator with the weaker output in a direction where a small
driving force 1s required.

10

15

20

25

30

35

40

45

50

55

60

65

2

In order to obtain the above-mentioned object, arobot hand
mechanism according to the present invention 1s provided
with a main frame, a plurality of finger mechanisms con-
nected to the main frame and including a plurality of joint
portions, and a plurality of drive portions driving the joint
portions, wherein the drive portions comprise a plurality of
drive elements with different outputs.

In the above-mentioned configuration of a robot hand
according to the present invention, the drive portion may
comprise two drive elements with different outputs, wherein
the drive element with the stronger output 1s driven when the
robot hand grasps an object, and the drive element with the
weaker output 1s driven when the robot hand releases the
object.

More specifically, a robot hand according to the present
invention uses direct-drive actuators with different outputs
for the drive elements used to drive the joint portions of the
robot hand finger mechanisms, and uses a direct-drive actua-
tor with strong output for the drive element related to the
grasping force and an actuator with weak output for the drive
clement not related to the grasping force, which makes 1t
possible to realize a lightweight and compact robot hand.

In a configuration as described above, when F 1s a grasping,
force operating on a grasped object, L1 1s a distance from the
center of the joint to the point of action of the grasping force,
[.2 1s a distance from the center o the joint portion to the point
of action of the output of the drive elements, F1 1s a force
preventing a rotational driving of the joint portion, Fa 1s the
output of the drive element with the weaker output and Fb 1s
the output of the drive element with the stronger output, then
Fa and Fb can be respectively expressed as

Fa=F1, and

Fb=F1+F2 (where F2=FxL1/L2).

It 1s preferable that the drive elements used 1n a joint drive
mechanism and a robot hand according to the present mnven-
tion expand and contract by themselves through an electric
signal. In this case, the amount of contraction and expansion
of the drive elements can be controlled by a computer and the
control of the joint portions can be performed easily. Accord-
ingly, complex grasping operations can be realized by the
generation ol an approprate grasping force and the precise
positioning of the finger mechanisms.

It 1s preterable that 1n the joint drive mechanism and the
robot hand according to the present invention, the joint por-
tions are driven via a driving force transmaission portion, such
as a wire or the like, transmitting a driving force of the drive
clements to the joint portion. It 1s possible to install the drive
clements 1n appropriate locations and downscale the configu-
ration of the robot hand to a compact size by using the driving
force transmission portion to link the joint portion and the
drive elements. Also, the drive elements are not limited with
regard to their installation location and 1t 1s possible to
employ direct-drive actuators of various specifications. It 1s
turther preferable to use a wire as the driving force transmis-
s10n portion

In a joint drive mechanism and robot hand according to the
present invention, the drive elements used 1n the joint drive
mechanism and the robot hand may be provided with a hollow
portion, and the driving force transmission portion may be
passed through the hollow portion of the drive elements and
fixed to the drive elements. In this case, the configuration of
the robot hand can be downscaled to compact size by provid-
ing a hollow portion in the drive elements.

The joint drive mechanism and robot hand according to the
present invention may also be provided with a guide means
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for guiding the drive elements, which are used by the joint
drive mechanism and the robot hand, 1n their direction of
expansion and contraction. In this case, the output of the drive
clements and the grasping operation can be stabilized.

As mentioned above, according to the present invention, a
lightweight and compact joint drive mechanism can be pro-
duced easily, and furthermore, a robot hand able to perform
complex operations, having a high degree of freedom even
though 1ts joint drive mechanism 1s light and small and 1t has
the si1ze of a human hand.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a figure showing a robot hand according to
Embodiment 1 of the present invention. FIG. 1(a) 1s a front
view of the entire robot hand. FIG. 1(5) 1s a top view of the
robot hand.

FIG. 2(a) 1s a schematic cross-sectional view showing a
finger mechanism of the robot hand according to Embodi-
ment 1 of the present invention. FIG. 2(b) 1s an enlarged view
thereol.

FIG. 3 1s a figure showing the joint portion of the robot
hand according to Embodiment 1 of the present mvention.
FIG. 3(a) 1s a top view of the finger mechanism of the robot
hand when grasping a grasped object. FI1G. 3(b) 1s a top view
of the finger mechanism of the robot hand when releasing the
grasped object.

FI1G. 4 1s a front view of the configuration of the finger
mechanism of the robot hand according to Embodiment 1 of
the present invention.

FIG. § 1s schematic front view of the finger mechanism of
the robot hand according to Embodiment 2 of the present
invention.

FIG. 6 1s a schematic cross-sectional view of the finger
mechanism of the robot hand according to Embodiment 2 of
the present invention.

FI1G. 7 1s a schematic cross-sectional view showing a modi-
fied example of Embodiment 2 of the present invention.

FIG. 8 1s a figure showing the drive elements of the robot
hand according to the present invention. FIG. 8(a) 1s a per-
spective view and FIG. 8(b) 1s a schematic cross-sectional
view thereof.

FIG. 9 1s a figure showing the arrangement of the drive
clements of the robot hand according to the present invention.

FIG. 10(a) 1s a schematic perspective view ol a polymer
actuator 1n a contracted state according to an embodiment of
the present invention. FIG. 10(b) 1s a schematic perspective
view of the polymer actuator 1n an expanded state according,
to an embodiment of the present invention.

DESCRIPTION OF THE PR
EMBODIMENTS

L1

FERRED

The following 1s a detailed explanation of embodiments of
a robot hand according to the present invention with reference
to the accompanying drawings.

Embodiment 1

FIG. 1(a) and FIG. 1(b) show a robot hand 1 according to
an embodiment of the present invention. FIG. 1(a) 1s a front
view of the entire robot hand, while FIG. 1(5) 1s a top view of
the entire robot hand. The robot hand 1 1s provided with a
main frame 2, which corresponds to the palm of a human
hand, and a plurality of finger mechanisms 3, 4, 5, 6, 7,
attached to the main frame 2. The finger mechanism 3 corre-
sponds to a human thumb, the finger mechanism 4 corre-
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sponds to a human index finger, the finger mechanism 5
corresponds to a human middle finger, the finger mechanism
6 corresponds to a human ring finger, and the finger mecha-
nism 7 corresponds to a human little finger. Therefore, as
shown in FI1G. 1, the insides of the finger mechanism 3 and the
finger mechanism 4 are arranged 1n reciprocal opposition to
cach other, and the finger mechamsms 4, 5, 6, 7 are lined up
side by side.

The robot hand 1 according to this Embodiment 1 1s not
limited to a configuration comprising five finger mechanisms,
as 1llustrated 1n the example, but it can also comprise more or
fewer finger mechanisms. However, at least two finger
mechanisms are necessary to grasp an object and at least three
finger mechanisms are necessary to change the orientation of
a grasped object or the grasping position. Moreover, when a
robot hand modeled after the human hand 1s required, it 1s
preferable to have five finger mechanisms in the manner of the
embodiments according to the present invention.

FIG. 4 shows the configuration of the finger mechanism 4.
Since the configuration of the other finger mechanisms 3, 3, 6,
7 1s the same, their graphic representation or detailed expla-
nation 1s omitted. The finger mechanism 4 comprises finger
frames 11a, 115 and a finger tip portion 12 serving as a
plurality of link members, and joint portions 10a, 105, 10c
connecting them.

The joint portion 10a linking the finger tip portion 12 and
the finger frame 11q includes a drive pulley 40a. The joint
portion 105 linking the finger frames 11a and 115 1includes an
idler pulley 41a and a drive pulley 415. The joint portion 10c
linking the finger frame 115 to the main frame 2 includes 1dler
pulleys 42a, 425 and a drive pulley 42c¢.

Each of the drive pulleys 40a, 41b, 42¢ 1s linked to drive
portions 13, 43, 44, that rotatively drive the joint portions.
More specifically, when the drive portion 13 1s driven and the
joint portion 10q rotates, the finger tip portion 12 also rotates
around the joint portion 10a. When the drive portion 43 1s
driven and the joint portion 106 rotates, the frame 11q, the
rotation portion 10q and the finger tip portion located towards
the finger tip rotate around rotation portion 105. When the
drive portion 44 1s driven and the joint portion 10c¢ rotates, the
frames 11a, 115, the finger tip portion 12 and the joint por-
tions 10a, 1056 located further towards the finger tip rotate
around the joint portion 10c.

Hereinatter the principle of driving of the joint portions
will be explained.

FIG. 2(a) and F1G. 2(b) 1llustrate how the joint portion 10a
linking the finger tip portion 12 and the finger frame 11a 1s
driven. Since the other joint portions 105, 10¢ are driven
according to the same principle, their graphical representa-
tion and further explanation 1s omuitted.

The drive portion 13, which 1s linked to the joint portion
10a, comprises two types of cord-shaped drive elements 134,
135 with different outputs. The respective ends of the one
drive element 13a and the other drive element 13a are with
attached to a drive element fixing base 14, provided in the
frame 2. Moreover, the respective other ends of the two drive
clements 13a, 13b are attached to the drive pulley 40aq,
through the idler pulleys 41a, 42a and via a drive element
connector 15, provided on the drive pulley 40a.

The drive elements 13a, 1356 are direct drive elements,
which can be contracted or expanded through an electric
signal. An example for such drive elements 1s a polymer
actuator. Various kinds of polymer actuators have been devel-
oped, and they are expected to be used 1n a number of fields
due to their, compact size and light weight.

When the one drive element 13a expands and the other
drive element 135 contracts, the joint portion 10a 1s rotatively
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driven and the finger tip 12 rotates 1n the direction marked by
the arrow A (bending direction). Moreover, when the one
drive element 13a contracts and the other drive element 1356
expands, the joint portion 10a 1s rotatively driven and the
finger tip 12 rotates 1n the direction marked by the arrow B
(expanding direction). Further, the output of the drive ele-
ments 13a and 135b, that 1s, the force of contracting and
pulling objects (the force rotatively driving the drive pulley
40a 1n the direction A or the direction B according to the
present embodiment), may not be the same. However, 1n this
case, since a very strong force 1s needed to grasp objects, the
drive elements become large and 1t becomes 1mpossible to
downscale the size of the robot hand.

Accordingly, the output of the drive element 134, which 1s
the one of the drive elements 13a and 135 that 1s not involved
in the grasping operation, can be reduced. For example, when
the other drive element 135 contracts, as shown 1n FIG. 3(a),
the finger tip portion 12 rotates toward the palm of the hand
and makes contact with an object 20. The force with which the
finger tip portion 12 acts on the grasped object 20 can be
increased by contracting the drive element 135 further (that 1s
to say, increasing the output) from this state, and thus increas-
ing the grasping force. Therefore, the other drive element 1356
needs an output greater than the force needed for the grasping,
operation.

However, when the one drive element 13a contracts, the
finger tip portion 12 rotates in the direction away from the
palm of the hand and moves away from the object 20, as
shown 1n FIG. 3(b). Therefore the output of the one drive
element 134 can be reduced, because 1t 1s not involved 1n the
grasping operation.

The following 1s an explanation of the output required by
the drive elements 134, 1356. The one drive element 13a 1s not
involved in the grasping operation, hence 1t does not require a
strong force, but it requires an output of the force necessary to
rotate the joint portion 10a of the robot hand. Due to the
frictional force that obstructs the rotation of the joint portion
10a and the load of the finger tip portion 12, for example, the
output of the drive element 13a (1n the present embodiment,
this output 1s referred to as “Fa”), must be set so as to output
a force that 1s greater than the force obstructing this rotation
(in the present embodiment, this obstruction force 1s referred
to as “F17).

The other drive element 135 has to output a force that 1s
required for the grasping operation 1n addition to the obstruc-
tion force F1. Explaining this with reference to FIG. 3(a), in
the event that the grasping force (in the present embodiment,
this grasping force 1s referred to as “F”) 1s applied to the
grasped object 20, the output (1n the present embodiment, this
output 1s referred to as “F2”) required by the other drive
clement 135, can be expressed as:

F2=FxL1/L2 (1)
where L1 1s the distance from the center of the joint portion
10a to the point action of the grasping force, and L2 1s the
distance from the center of the joint portion 10a to the drive
clement connector 135 connecting the other drive element 135
and the joint portion 10a. The other drive element 135 has to
output a force obtained by adding the output F2 to the obstruc-
tion force F1. Therefore, the output Fa required by the one
drive element 13a and the output required by the other drive
clement 135 (1n the present embodiment, this output is
referred to as Fb), can be expressed as:

Fa=F1 (2)

Fb=F2 (3)
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When the output of the one drive element 13a, which 1s not
involved 1n the grasping operation, 1s reduced, the volume of
the drive element 13a can be kept small, so that a robot hand
ol a size that 1s closer to the size of a human hand can be
achieved. For example, the cross-sectional area of the one
drive element 13a can be made smaller than the cross-sec-
tional area of the drive element 135. When the drive elements
13a, 1356 are arranged as single elements, then making the
cross-section area smaller means that the one drive element
13a 1s made smaller than the other drive element 13a. More-
over, 1f the drive elements are layered (this includes the case
that they are bundled together), 1t means that the number of
layers of the one drive element 13a can be reduced.

Next, as for the amount of expansion/contraction required
by each of the drive elements 13a, 135, 1t 1s necessary that this
amount 1s set to be larger than the amount of stretching
required to achieve the rotation angle of the joint portion 104
set Tor the finger tip portion 12. Moreover, 1f the drive ele-
ments 13a, 135 are made of the same material, their contrac-
tion factor and expansion factor are equal. Therefore, when
the total length of the drive elements 1s the same, then the
amount ol expansion, and accordingly the amount of dis-
placement 1s also the same.

Furthermore, 1t1s preferable that each of the drive elements
13a, 135 can be controlled by an electric signal. The rotation
angle of the joint portion 10a corresponds to the bending/
stretching position of the finger tip portion 12 (the bending,
angle of the finger tip 12 with respect to the finger frame 11a).
Moreover, the rotation angle of the joint portion 10a 1s deter-
mined by the amount of contraction and the amount of expan-
sion of the drive elements 13a and 1354. Therefore, when the
amount of contraction and the amount of expansion of the
drive elements 13a, 135 cannot be controlled, then the posi-
tion of the finger tip portion 12 cannot be determined, and a
robot hand equivalent to a human hand cannot be created,
because a complex grasping operation cannot be achieved.
Accordingly, an even more complex grasping operation can
be achieved when the drive elements 13a, 135 can be con-
trolled by an electric signal and their amount of contraction
and amount of expansion can be controlled by a computer,
because a positioning of the tip portions in the entire grasping
operation can be achieved.

Embodiment 2

FIGS. 5 to 9 show Embodiment 2 of the present invention.
The drive elements 13a, 135 shown 1n the above-described
embodiment are directly attached to the joint portion 10a and
are wound around and off of the joint portion 10a. Moreover,
since the drive elements 13a, 135 pass through the joint
portions 105, 10¢ and are attached to the joint portion 10a,
they can bend 1n those locations through the rotation of the
1ot portions 105 and 10c which 1s advantageous 1n case that
they provide a tlexibility that allows them to bend flexible due
to changing circumstances.

There are direct drive elements whose amount of contrac-
tion and amount of expansion 1s large but whose output 1s
weak. The total length of such drive elements may be short,
but to achieve the prescribed output, their cross-section area
has to be enlarged. Such drive elements provided with a large
cross-section area have the disadvantage of poor flexibility,
and they hamper the driving of the joint elements 10a, 105,
10c when they are passed through the finger mechanism and
linked directly to the finger tip portion 12 like the drive
clements 13a, 135, so that a configuration as shown 1n the
above-described Embodiment 1 1s impossible. In view of this,
a driving force transmission portion that transmits the driving
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force of such drive elements to the joint portions becomes
necessary. Heremalter a specific example will be explained.

FIGS. 5 and 6 1llustrate the structure of the finger mecha-
nism 4. Graphic representation or detailed explanation of the
other finger mechanisms will be omitted, because their struc-
ture 1s similar. The finger mechanism 4 comprises a plurality
of finger frames 11a, 115 and the finger tip portion 12, which
are linked to the joint portions 10a, 105, 10¢. The joint portion
10a includes the drive pulley 40q, the joint portion 105
includes the idler pulley 41a and the drive pulley 415, and the
joint portion 10c¢ includes the 1dler pulleys 42a, 425 and the
drive pulley 42¢. One end of the driving force transmission
portions 31, 32, 33 1s respectively linked to each of the drive
pulleys 40a, 415, 42¢, and the other ends of the driving force
transmission portions 31, 32, 33 are respectively linked to the
drive portions 30,45, 46.

Hereinafter, the drive principle of the joint portions will be
explained.

The drive portion 30 that drives the joint portion 10a
includes two types of drive elements 30a, 305 with different
outputs, as shown 1n FIG. 6. Both of the drive elements 30a,
306 are 1n disposed in the main frame 2. The driving force
transmission portions 31a, 315 are respectively linked to the
drive elements 30a, 305, and the driving force transmission
portions 31a, 315, which pass the idler pulleys 42a, 41a, are
linked to the drive pulley 404 of the joint portion 10a. Accord-
ingly, the output of the drive elements 30a, 305 1s transmitted
by the driving force transmission portions 31a, 315 to the
joint portion 10a and can drive the joint portion 10a.

In this case, the amount of expansion and the amount of
contraction of the drive elements 30a, 306 can provide a
suificient rotation angle for grasping objects to the joint por-
tion 10qa, but since the volume 1s small when directly linking
them to the joint portion 10a, an output that fulfills the above-
mentioned equations (2), (3) cannot be generated. In view of
this, an output that fulfills the above-mentioned equations (2),
(3) can be generated when the drive elements 30q, 305 are
linked via the driving force transmission portions 31a, 315 to
the joint portion 10a, as shown 1n FIGS. 5 and 6, since then the
drive elements 30a, 306 can be disposed in the main frame 2
and the volume of the drive elements 30q, 3056 can be
enlarged.

In view of this, examples of the driving force transmission
portion 31a, 315 are wires or belts, whose cross-section area
1s small and that have superior tlexibility and tensile strength.
It 1s also possible to arrange a plurality of gears and transmut
the driving force, but considering their light weight and com-
pact size, wires are preferable.

Also 1n the present Embodiment 2, the entire robot hand
will become unnecessarily large when the driving elements
30a, 30b are enlarged beyond necessity, so it 1s preferable to
set the one drive element 304, which 1s not involved 1n the
grasping operation, so as to fulfill the above-mentioned equa-
tion (2) and to set the other drive element 305, which 1s
involved 1n the grasping operation, so as to fulfill the above-
mentioned equation (3). By doing this, the drive element 304
can be downscaled to compact size and a smaller robot hand
can be achieved.

In the present Embodiment 2, the drive elements 30a, 305
are disposed 1n the main frame 2, but there 1s no limitation to
this. It1s also possible to dispose the drive elements in a region
outside the robot hand, for example 1n the wrist or the arm. In
this case, the connection between the joint parts can be
achieved by the driving force transmission portions. If the
drive elements are disposed in a region outside the robot hand,
such as 1n the wrist or the arm, the robot hand not only
becomes compact in size but also the robot hand itself

10

15

20

25

30

35

40

45

50

55

60

65

8

becomes lighter in weight. Thus, the load on the arm to which
the robot hand 1s attached 1s reduced, so that the driving force
of the wrist decreases, and as a result, the positioning control
of the arm can be simplified.

FIG. 7 shows a configuration, in which drive elements
whose length can be expanded by an electric signal. In this
FIG. 7, the other drive element 356 and the joint portion 10q
are linked by the driving force transmission portion 315. The
drive element 355 is the drive element involved 1n the grasp-
ing operation. The one drive element 35aq, which i1s not
involved 1n the grasping operation, 1s represented by a phan-
tom line, and 1ts further explanation 1s omitted because the
drive element 354a has the same configuration.

The other drive element 355 has a hollow structure and the
driving force transmission portion 315 1s inserted into 1t and
fixed to the one end face I (the end face facing away from the
joint portion 10a). The other end face II of the drive element
356 (the end face near the joint portion 10a) 1s fixed to the
main frame 2. The one end face I of the drive element 355 1s
the free end.

Accordingly, the drive element 355 1s expanded and con-
tracted by an electric signal, so that the other end face 11 stays
fixed and the one end face I shifts 1n the direction marked by
the arrow C. If the driving force transmission portion 3156
were linked to the other end face II of the drive element 3556
and the other end face II were arranged to move freely, then
the drive element 355 would be expanded through an electric
signal, so that it would not be possible to grasp an object
without turning the joint portion 10a in the direction of the
palm of the hand. But if the driving force transmission portion
315 1s linked to the one end face I of the drive element 355, the
one end face I of the drive element 3556 1s expanded by an
clectric signal 1n the direction marked by the arrow C, and
accordingly the joint portion 10a can be rotated 1n the direc-
tion marked by the arrow A and an object can be grasped.

Also, 1t the drive element would not have a hollow structure
and the driving force transmission portion 3156 would be
linked to the one end face I along the outside of the drive
clement, then a route to secure the path of the driving force
transmission portion 315 or a new structure for linking the
one end face I would have to be added, enlarging the configu-
ration of the robot hand. Thus, 1t 1s preferable that a hollow
part 1s provided 1n the drive element 355 and the driving force
transmission portion 315 1s passed through the middle and
linked to the one end face 1.

The other end face 11 of the drive element 355 1s fixed to the
main frame 2, but the one end face I 1s a free end, which can
be driven. However, when the route 1n which the drive ele-
ment 35 contracts and expands 1s not determined, there 1s a
risk that the drive element 355 breaks other parts of the robot
hand, because 1t 1s flexible and can extend in any direction
inside the main frame 2, and the desired output 1s not achieved
and the grasping force 1s not stable.

In view of this, 1t 1s preferable to provide the drive element
356 with a guide means, as shown 1n FIG. 8. FIG. 8(a) 1s a
perspective view of the drive element 355, and FIG. 8(b) 1s
front view of the element 355. An extension route fixing guide
11g 36 15 provided along the sides of the drive element 35b. As
shown 1n FI1G. 8(b), this extension route fixing guide j1g 36 15
passed through the 1nside of an extension route fixing guide
377 that 1s attached to the main frame 2 and guides the direction
of expansion and contraction of the drive element 355. In FIG.
8(b), the drive element 355 1s driven 1n the direction vertical
to the paper plane. Therelfore, the drive element 355 expands
and contracts along the guide route of the extension route
fixing guide 37, arranged 1nside the mainirame 2.
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The present invention 1s not limited to the above-described
embodiments, and i1f the drive element 32 1s flexible, it 1s
possible to further downscale the installation of the drive
clement 32. As for example shown 1n FIG. 9, 1t 1s possible to
bend the drive element 32 a little so that 1t fits into the main
frame 2. Since the drive element 1s flexible, the installation of
the drive element can be freely controlled and the design of
the robot hand can be performed regardless of the shape of the
drive element.

In each of the above-described embodiments, the drive
elements 13a, 135, 30a, 305, 354, 3556, 32 have been
explained to be drive elements using a polymer actuator. In
view of this, next an example of a polymer actuator used in the
embodiments will be described with reference to FIG. 10. The
polymer actuator shown in FIG. 10 1s a direct-drive actuator,
in which polymer material 50 1s supported by a pair of elec-
trodes 51 (two electrodes). In this polymer actuator, when a
voltage 1s applied to the pair of electrodes 51 from a state
where no voltage 1s applied to the electrodes 31 (see FIG.
10(a)), then the pair of two electrodes 51 and the polymer
material 50 sandwiched between the pair of two electrodes 51
are extended 1n the direction marked by the arrows, as shown
in FIG. 10(5). By using a polymer actuator, it 1s not only
possible to control the strokes of the drive elements electri-
cally, but also to 1increase the response speed and the position-
ing precision. Moreover, with a polymer actuator as shown 1n
FIG. 10, 1t 1s possible to generate a comparatively strong
force.

Furthermore, 1in the above-described embodiments, cases
are 1llustrated in which a polymer actuator 1s used for the drive
elements 13a, 1356, 30a, 305, 354q, 3556, 32, but there 1s no
limitation to this. Any type of direct-drive actuator can be
employed. There are for example electrostatic actuators using
clectrostatic forces, or actuators made of shape-memory
alloys. It 1s possible to apply the present invention to these
actuators. At present, direct-drive actuators are developed
from various different materials, but since there 1s no limita-
tion regarding the material, also all direct-drive actuators
developed from here on can be employed.

In arobot hand according to the present invention, 1t 1s also
possible to provide a contact sensor, a force sensor, or both in
the finger tip portion of each finger mechanism. A contact
sensor detects the contact between the grasped object and the
finger tip portion, so that with such a sensor stat of the contact
can be recognized and the grasping state can be confirmed.
Moreover, with a force sensor, by detecting the force on the
grasped object, an approprnate grasping force can be applied
to the grasped object. The question which of these sensors
should be installed will depend on the application of the robot
hand, but in order to realize arobot hand for versatile grasping
operations, 1t 1s preferable to equip 1t with both sensors.
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A robot hand was explained 1n the present embodiments,
but there 1s no limitation to this. The present invention can
also be employed 1n the joint drive mechanism 1n many more
places, as for example robot arms or robot legs. Moreover, 1t
1s not limited to the field of robots. The present invention can
be advantageously applied 1n any place that performs rotation
drives and the drive elements use not a motor but a direct-
drive actuator.,.

The present invention can be embodied and practiced 1n
other different forms without departing from the spirit, gist
and essential characteristics thereof. Therefore, the above-
described embodiments are considered 1n all respects as 1llus-
trative and not restrictive. The scope of the invention 1s indi-
cated by the appended claims rather than by the foregoing
description. All variations and modifications falling within
the equivalency range of the appended claims are intended to
be embraced therein.

What 1s claimed 1s:

1. A robot hand, comprising:

a main frame:

a plurality of finger mechanisms connected to the main

frame and including a plurality of joint portions; and

a plurality of drive portions driving the joint portions,

wherein the drive portions comprise a plurality of drive

clements with different outputs, and each of the drive
clements ol the drive portions 1s capable of being
expanded or contracted 1n accordance with an applied
clectrical signal, and

wherein:
when F 1s a grasping force operating on a grasped object;
L1 1s a distance from the center of the joint portion to the

point of action of the grasping force;

[.2 15 a distance from the center of the joint portion to the
point of action of the output of the drive elements;

F1 1s a force preventing a rotational driving of the joint
portion;

Fa 1s the output of the drive element with the weaker
output; and

Fb 1s the output of the drive element with the stronger
output;

then Fa and Fb can be respectively expressed as Fa=F 1,
and

Fb=F1+F2,where IF2=FxL1/L2).

2. The robot hand according to claim 1,

wherein the drive portion comprises two drive elements,
cach drive element having a different output;

wherein the drive element with the stronger outputis driven
when the robot hand grasps an object; and

wherein the drive element with the weaker output 1s driven
when the robot hand releases the object.
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